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Abstract 

We study the inflationary scenarios driven by a Wilson line field - the fifth component 
of a 5D gauge field and corresponding modulus field, within jZi orbifold supergravity 
(SUGRA). We use our off shell superfield formulation and give a detailed description of the 
issue of SUSY breaking by the F-component of the radion superfield. By a suitably gauged 
U(1)r symmetry and including couplings with compensator supermultiplets and a linear mul- 
tiplet, we achieve a self consistent radion mediated SUSY breaking of no scale type. The 
inflaton 1-loop effective potential has attractive features needed for successful inflation. An 
interesting feature of both presented inflationary scenarios are the red tilted spectra with 
n s ~ 0.96. For gauge inflation we obtain a significant tensor to scalar ratio (r ~ 0.1) of the 
density perturbations, while for the modulus inflation r is strongly suppressed. 



1 Introduction 

Inflation is the only candidate which naturally evades numerous cosmological problems [1]. In 
order to have a sufficiently flat universe, a de-Sitter type expansion with a slowly rolling scalar 
inflaton field is needed. This requires a flat inflaton potential and for that supersymmetry (SUSY) 
is believed to be crucial in a realistic model building [2]. A different possibility for realizing a flat 
potential is that the inflaton field is a pseudo Nambu-Goldstone Boson (PNGB) field [3]. However, 
this idea seems to be difficult to realize since it usually requires VEVs much higher than the 
Planck scale: at such large VEVs, one might not trust the results obtained in the framework of 
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an (effective) quantum field theory (see a more detailed discussion in ref [4]). A nice and elegant 
realization of the PNGB inflation scenario was proposed in [4] (and subsequent works [5], [6]), where 
an extra dimensional construction was suggested and the PNGB inflaton is the Wilson line field 
corresponding to the fifth component of a 5D U(l) gauge field. In this setting, the flatness of the 
inflaton potential does not require unnatural assumptions and the model turns out to be fully self 
consistent with an effective 4D quantum field theory setting. Although the idea of ref. [4] works 
without invoking SUSY, we think that (with its phenomenological and theoretical motivations) 
it is worthwhile to study this type of scenarios in the framework of SUSY. Our recent work [6] 
was dedicated to this issue and can be considered as a step towards the construction of the SUSY 
gauge inflation scenario. The setting which we have proposed there was based on a rigid on shell 
SUSY 5D construction of ref. [7] with the fifth dimension compactified on a circle The radion 
superfield T was used for SUSY breaking by its auxiliary component F T ^ 0. 

The aim of the present paper is to extend studies to 5D orbifold supergravity (SUGRA). Our 
construction is based on the off shell formulation of 5D conformal SUGRA developed by Fujita, 
Kugo and Ohashi (FKO) [8], [9], [10] and uses the superfield approach suggested recently by us 
in ref. [11] (see also the subsequent ref. [12] ) 4 . This superfield approach turned out to be very 
economical and powerful for studying various phenomenological and theoretical issues in 5D [15]. 
Here, we first present in section 2 the minimal setting which is needed in order to realize gauge 
inflation. Then in section 3 we give full account of the issue of SUSY breaking by the radion's 
auxiliary F-component. We show that to obtain flatness and selfconsistency, gauging of a U{1)r 
part of the global SU(2)r symmetry and a linear multiplet with appropriate couplings with the 
U{1)r gauge supermultiplet play an important role. In section 4 we turn to the calculation of the 
one loop inflaton effective potential including the Wilson line and modulus fields. We separately 
study two inflationary scenarios: in section 5 the gauge inflation and in section 6 the inflation 
driven by the modulus field. We discuss features allowing to realize a natural inflation and give a 
detailed study of some properties for both inflationary scenarios. 

2 The setting 

In this letter we will deal with two types of hypermultiplets. One is a compensator (denoted by h) 
and is necessary for gauge fixing of the conformal symmetry. The second type of hypermultiplet is a 
physical one- referred to as a matter hypermultiplet (denoted by H). It will play an important role 
in the generation of the inflaton (the Wilson line field) potential. In general, 5D hypermultiplets 
M a = (Ai, ( a ,F?) can be ordered into r pairs (HI 2 " -1 , H 25 ), where a = 1,2, • • • ,r (see [8]- [10] 
for a detailed discussion). In the following, we will use the notation 

H = (H 1? H 2 ) = (H, H c ) , (1) 

for such a pair (omitting the index a) and similar for the compensator h = (hi,h 2 ) = (h,h c ). In 
the general discussion of the hypermultiplet case we will use H and understand that this similarly 
applies to the compensator. Essential differences for the compensator hypermultiplet, will be 
pointed out throughout the text. The 5D hypermultiplet of eq. (1) decomposes into a pair of 

4 For original papers on off shell 5D SUGRA formulation see refs [13]. This formulation was used in many 
phenomenologically oriented papers [14]. 
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Af = 1 4D chiral superfields with opposite orbifold parities [10]: 

H c = (Af- 1 = -{A\ & )\ - 2i( 2 R & -\ (iM.A + V 5 A)l & -^ , (2) 



M.A? = igM I (t I )%A? + F? , 



with 

V 5 A? = d 5 A? - igW^A? - W°±J? - KV 5ij A aj - 2k^C , (3) 

where (ti)p is the generator of the gauge group Gi. In this paper we will deal only with abelian 
gauge groups. In this case the gauge coupling g should be replaced by g/2. The components 
(<j),i/j,F$) of a 4D chiral superfield $ are assumed to be of 'right handed' chirality. Therefore, the 
superfield with a left chirality in a two component notation is given by 

$ = (0, V, Ft) = 0* + OipL - 9 2 F* . (4) 

We will use this basis during the calculations. 

Besides the hypermultiplets, in this discussion, three 5D gauge supermultiplets (V, S) J will be 
considered, i) The U(l)z central charge symmetry corresponds to / = 0: (V, S) /=0 = (Vo, So)- This 
is a compensating gauge supermultiplet and, as was observed in [11], in the rigid limit accounts 
for the radion superfield. In the covariant derivatives of eq. (3) / = does not participate in 
M / (t/)^ and W^, but acts only on an auxiliary component Tf. This is a particular property 
of the compensating 1 = gauge supermultiplet. ii) Our construction is based on a gauged 
U(1)r symmetry whose corresponding gauge supermultiplet is (V, S) /=i? = (Vr,Hr). Only the 
compensator hypermultiplet h is charged under this group, iii) Finally, we introduce an U(l) 
gauge supermultiplet (V, S) 7=1 = (Vi, Ei), where Ei contains the fifth component of a vector field 
which generates the Wilson line field = J dyA 5 . The latter being a 4D scalar will play the role 
of the inflaton field in the following. Note that only the matter hypermultiplet H is charged under 
(Vi-E,). 

The orbifold Z 2 parities (y — > —y) of the introduced gauge supermultiplets are given as: 

Z 2 : (V , V R , Vi) -> -(V , V R , Vi) , (E , E fl , E^ - (E , E R , E x ) . (5) 

Therefore all 4D gauged U(l) symmetries are broken on the orbifold fixed points. As far as the 
hypermultiplets are concerned, without loss of generality we can consider the following orbifold 
parity prescriptions: 

Z 2 : H -> H , H c -> -H c . (6) 
For all gauge fields (V/, E/) we introduce the following parameterization 

V ab = gVq- al , E ab = gLq ■ o a h , with \q[ = 1 . (7) 

With this, the hypermultiplet Lagrangian is given by [15] 

e^£(hyper) = J d A 6W y 2H\ ( e - 2V ) a6 H 6 - J d 2 9(He) a y - E) ab H 6 + h.c. (8) 
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In case of the compensator, the Lagrangian eq. (8) should come with opposite sign. The superoper- 
ator d y is obtained by promoting d y to an operator containing odd (under orbifold parity) elements 
of the 5D Weyl multiplet (see [11] for a more detailed discussion), which do not have any relevance 
for our purposes and can be ignored. 

With the orbifold parity assignments given in (5) and (6) we should gauge the U(l) symmetries 
of (7) in a 1 , a 2 direction, i.e. q 3 = 5 . In (8) W 9 is a real general type 4D supermultiplet which 
contains part of the radion chiral superfield as [11] 

W, = 1(T + Tt) + ... (9) 

This relation is useful to account for the radion coupling with hypermultiplets. Since all 4D gauge 
superfields V have negative orbifold parities in this setting, they do not contain zero mode states 
and will be irrelevant for us. Therefore, we will set further V — 0. Taking all this into account, the 
action (8) for matter and compensator hypermultiplets can be written as: 

C(hjper)\ v=0 = C(H) + C(h) , 
e^C(H) =J d 4 6(T + T f ) (H*H + H C ^H C ) +J d 2 6 (2H c d y H + g^e^H 2 - e~' A H c2 )) + h.c. 

e^C(h) =-J d 4 9(T + T r ) (h j h + h ct h c ) -J d 2 9 (2h c d y h + g R Y, R {e l§R h 2 - e-' l§R h c2 )^j + h.c. (10) 
where cos^i = q\, sin^i = q\, cos 9 R = gf, sin^ = q R . 



3 SUSY breaking through the radion superfield 

In our model, for SUSY breaking we will use a non-zero F component of the radion superfield T. 
As it was pointed out in ref. [11], to obtain a flat tree- level potential for Ft we need to introduce 
a linear multiplet L which couples with the V I=R vector multiplet. As we will see below, the role 
of L is to insure a self consistent SUSY breaking. Assuming that L is neutral under V I=R , its field 
content is [9] 

L = (lSt ,N), (11) 

where is an unconstrained antisymmetric tensor field. The coupling action of L — V I=R is given 
by 

e- 1 £(U /=i? , L) = YftLij + 2^0, + 2iij; a na n Rj L ij + 

l -M R [N - 2r0 b7 V - 2i^ a7 a V^) + \e- X F^W R )E^ . (12) 
L plays the role of a Lagrange multiplier. A variation with respect to the components of L leads to 

M R = 0, H^ = 0, y£' = 0, F flu (W R ) = 0. (13) 

5 The other possibility would be to gauge in the cr 3 -direction which implies the introduction of an odd gauge 
coupling. This was used to obtain supersymmetric Randall-Sundrum models (see [11] and references therein, also [23] 
for a recent study). From couplings in the cr 3 -direction we obtain effective potentials which are flat in the Wilson- line 
9-direction. For this reason we don't consider such couplings in this work. 
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The last equation of (13) has the solution 

W 5 r = constant . 



(14) 



This is enough to insure a non zero F component of T. 

Consider the part of the action (10) which involves the compensator hypermultiplet. The 
relevant bosonic couplings have the form 



e^C(h) D -2 



F h + d 5 h c *-g R Z R e««h* + -F T h 



+ 2 



d b h c * - g R T? R e»*h* + -F T h 



F hc - d 5 h* + g^e'^h * + -F T h< 



d 5 h* -g R Z R e- i§ «h c * - l -F T h c 



9rF^ r (e i§ «(h*) 2 - e-^{h c *f) + h.c. 



(15) 



where for the lowest components of the hypermultiplet we have used the same notation as for the 
corresponding superfield. From (2), (3) we have 

F h = T h - d 5 h c * - i^W 5R e^h* + X -F T h , 



F h c = T h , + d 5 h* + i^W 5R e'^h c * + ^-F T h c , with T h = (i - , ft* = (i - — , 

2 2 a a 

(16) 



1 

2" 



a 



a 



where the relations 



iF 



T 



with e b y = 1 



(17) 



have been used. Taking into account all this and the constraints h = k , h c = 0, (15) reduces to 



e^Cih) Z> —2 Th — \g R W hR e^K- x + F t k~ x 



-2|^ c | 2 + 



F T - ig R W 5R e 



i6. 



+ g R K- 2 (Fx R e- w * + h.c.) . 



The on-shell equations = = ^7 = then have the solutions 



ac 



F T = ig R W 5R e 



Fh — Fh c — . 



(19) 



Therefore, gauging U(1) R we have obtained a non zero Ft with a flat potential. This is a no-scale 
SUSY breaking scenario with SUSY breaking mediated by the radion superfield 6 . For a discussion 
of this phenomenon within a 5D on shell construction see [16], [17]. An F T 7^ is important 
for transmitting the SUSY breaking into the matter sector. All states which carry an SU(2) R 
index, couple with F T through the covariant derivative and obtain a soft SUSY breaking mass. For 

6 In the FKO treatment the role of a Ft-VEV is played by the gauge field component's W5R VEV after a 
redefinition Fjf = Ft — ig R W 5R e i§R with (Ffi) = 0. 



5 



instance, the zero mode of the 4D gravitino obtains a soft mass through the 5D gravitino kinetic 
term by mixing with = i(ipl L + V'fjj)- The latter is a goldstino - the fermionic component of 
the radion superfield. 

Concluding this section, let us comment on another role of the linear multiplet. It insures that 
all other F-terms are zero. The first term of (12) can be written as 

yj'Ly = 2Y R l L a = (Fx R L + h.c.) + • • • , (20) 

where L = —L l + iL 2 and ellipses stand for terms which are irrelevant for us. Collecting together 
all couplings containing F Sfl , we have 

e^£(F s J = 2 |F E J 2 + F SR (g R K- 2 e-^ + L) + h.c. (21) 

The conditions d p C = ff = are satisfied by the solutions 

F Sfl = , L — -g R K- 2 e- i§ * . (22) 

Note, that without the coupling to the lowest component of the linear multiplet, we would not be 
able to have F^ R = 0. The latter is needed for the F-flatness and a vanishing vacuum energy on 
the classical level. 

Together with the gauge inflation, below we will also study the inflation driven by the modulus 
field M 1 . With (M 1 ) ^ the corresponding F Sl will have the potential: 7 / cfe 4 #2W,,P(V 5 ) -> 
-An|F Sl - \M X F T \ 2 . This gives 

F Sl = l -M l F T , (23) 
which will play an important role for calculation of the masses of KK states. 



4 KK decomposition and inflaton potential 

Now we are ready to derive the inflation effective potential. Relevant for us is the 4D chiral 
superfield S x which contains the fifth component A\ of U(l) and the corresponding (real) modulus 
M 1 as Ei = ^(M 1 — iA\). The superfield E x has positive Z 2 orbifold parity and therefore the 
Wilson line field 

(24) 



= J dyA 5 = 2-kRA\ , 



and (the zero mode of) M 1 are y-independent 4D scalars. Taking all this into account, from (10) 
with (23) one can easily derive the potential for the scalar components H, H c with phase redefinition 
H -> e i§l/2 H, H c -> e-' A ' 2 H c : 



V(H) 



d 5 H — — (M 1 — —)H C - -F*H C 
5 2 v 2ttF/ 2 T 



+ 2 



d 5 H c - — (M 1 - —)H + -F*H* 
5 2 V 2vrF ; 2 T 



+ 



- gi M l F T (H 2 - H c2 ) + -g 1 M 1 F^(H* 2 - H c * 2 ) . 



(25) 



7 For the definition of prepotential Ptys) see [11]. 
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With the parity assignment (6), the KK decomposition for H, H c is given by 

H c = 



(n) n V 

y ' cos — 
R 



; > H sin — 



(26) 



Upon integration along the fifth dimension — f Q * dyC^\ one can easily see that the mass 2 of 
the two real zero modes are 

,(°h2 _ ' / - ' j_ 1 n\ i.\ I ^ (27) 



For KK states it is convenient to choose the basis ifW = ^(# W - #j n) ), # (ri) = ^(#l n) + #| n) ). 
The mass 2 matrices for appropriate ra-th KK modes are 



H 



(n) 



if. 



(n)* 



^(n). / (n+^) 2 + H^P + K^M 1 ) 2 



if 



(n) 



-i(n + a£)RF T 



i(n + ^)RFZ 



and similar for states. For mass 2 's of four real scalar states (per n^O KK state) we thus get 

[m^\H_)\l = [m^\H + )\l = ±(n + 9 -§ ± ^|i?F T |) 2 + i^M 1 ) 2 . (29) 

A non-zero Ft does not affect the masses of the fermionic components (ipH, ^h c ) coming 
from H m ,HIj because they are blind with respect of SU(2) R . Therefore the masses of Majorana 
fermionic components are 

m {n) (ip H ) = -j^( n -9i^) , n= -oo,- •• , oo , 

m {n \i) Hc ) = -ft( n + 9i^) , n = -oo,--- , oo , n^l. (30) 

Note that the spectrum in (29), (30) is equivalent to one obtained within the Scherck-Schwarz 
SUSY breaking scenario. 

As we have already mentioned, integration of the states with 6-dependent masses induces an 
effective 1-loop potential for 0. The potential will also depend on the modulus M 1 . Using Poisson 
resummation for each KK mode's contribution to the effective potential (or starting from a worldline 
expression, see an appendix in [6]), we finally obtain 



3 °° 1 

V cff (0e) = Yq^I J2kE {1 ~ ^(^I^D) • cos(7T% 4 i# ) 
k=i 



x 



e-* k " R \M (l + 7rkg 4 R\<p M \ + i(vr% 4J R|0 M |) 2 ^ . (31) 

The effective potential in (31) is written in terms of canonically normalized 4D scalar fields (f>@ = 
Q/\/2irR, 4>m = \ZlixRM x and dimensionless 4D gauge coupling g 4 = gi/\ / 2irR (for a general cubic 
norm function the field <pM is canonically normalized in the global minimum with (4>m) = 0). 
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Figure 1: Effective potential as a function of X = T^g^R^M and Y = ng^Rcf)®. 



Notice that the divergent bosonic and fermionic contributions at k = cancel exactly because 
of SUSY. In the limit Ft — > (unbroken SUSY) the effective one-loop potential vanishes. The 
potential in (31) is invariant under the shifts 0e ~^ 0e + \Fr\ — > \F T \ + ^ (fc 12 =integer) 
reflecting the invariance under 5D gauge symmetries. Besides the (f)Q (0^)-dependent part, the 
potential gets a constant contribution by integration of states which are neutral under (Vi,£i) 
but feel SUSY breaking through Ft- These kind of states are for example the 4D gravitino, the 
gauginos and (Vi, Si) neutral bulk hypermultiplets. Thus we add a constant part to the potential 
in eq. (31) and tune the former in such a way that the potential is zero in the global minimum (this 
is the usual fine tuning of the 4D cosmological constant). Keeping the dominant terms of (31), the 
inflaton potential will have the form 

V = V eff \ k=l + V , with V = (1 - cos(tt j R|F t |)) . (32) 

It's profile is plotted in Fig. 1. For F T ^ and g^Rifie ^ 1, 4>m 7^ the potential V is positive, and 
thus it drives de Sitter expansion. Since V depends on two dynamical fields we will have inflation 
driven by these two fields. Below we will study the two extreme cases where one of the fields lies 
in its minimum and the inflation is driven by only one field. This allows an analytical study of the 
inflation and spectral properties of the density perturbations. The analysis for two field inflation 
will be presented elsewhere. 
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5 Gauge inflation 



First we consider the inflation driven by 0e and set <pM = 0. In this case the two 'slow roll' 
parameters are 

(M P1 ) 2 fV\ 2 vr 2 d ?\yf \2 l 2^R<Pe 



2 V V J 2 



-(g 4 RM Pi y tan 2 



|ry| = (Mpi 



,2 



V" 



V 



^(^M P1 ) 2 |tan 2 ^^-l|. (33) 



[V', V" denote derivatives with respect to 0e, and M P \ = 2.4 • 10 18 GeV]. For moderate values of 
tan 2 7rg4 ^ e the slow roll conditions e, |r/| <C 1 can be easily satisfied by properly suppressed g 4 . 
Therefore, this is a good framework for a natural inflation. The value 0@ at which the inflation 
ends is determined from the conditions e, \r)\ ~ 1 

^ y/2 

tan 2 - ^M P1 ' (34) 

(we are considering the interval < g 4 R(f)@ < 1). The fulfillment of the slow roll conditions allows 
to determine analytically the number of e-foldings during the corresponding time interval 

N{ *° - * i)= k &** = ln ( si " 2 + ■ (35) 

With this expression one can calculate the value 0@ which corresponds to the epoch when the 
present horizon scale crossed outside the inflationary horizon scale. From the present observations 
we have Nq = 55 — 60 and therefore we need ng 4 RMpi <C 1. We will use the latter relation for 
approximating the exact expressions. Using (35) we get 

0g ~ arcsin ( exp[-^-(irg 4 RM Pl ) 2 } J « ^ with N Q = 60 , _RM P1 = 10 , (? 4 = 1.4 • lO" 3 . 

(36) 

We see that for this value tan 2 71-94 [ s not small. The slow roll parameters 

e ^2^' * 2^ " y ( ^ Mpi)2 (37) 

however are small enough and we therefore have the relation 3H<pQ = —V 1 . 

The quadrupole anisotropy of the temperature fluctuations due to the scalar perturbations can 
be calculated according to expression [20] 



5T\ V5 V 3 / 2 



(38) 



TJqs eOvrM^V 
and for our case is given by 

(^) =- * 1 f^V /2 smhf-^(^M P1 ) 2 V^^, (39) 
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Table 1: Spectral properties from gauge inflation with different values of parameters and (fr) Q ~ 
6 x 1CT 6 . 



N Q 


RM Pl 


9a 


n s 


r 


10 3 x^ 


55 


5 


7.4- 10- 4 


0.96 


0.12 


-0.67 


55 


10 


1.5- 10- 3 


0.96 


0.12 


-0.78 


60 


5 


7- 10- 4 


0.97 


0.11 


-0.56 


60 


10 


1.4- 10~ 3 


0.96 


0.11 


-0.65 



while the tensor to scalar ratio r = (y")q_ t / {W)q~s — 2.167T y M ™ v> j is 

6 8 

r ~ 4.327re Q ~ — . (40) 
N Q 

From (39), (40) with Nq = 60, g± = 1.4 • 10~ 3 , RMp\ = 10 one obtains the measured value 
(t")q ~ ^ ' ^ _6 . For the same values of the parameters one has relatively large r ~ 0.11. This 
is one of the remarkable feature of this inflationary scenario. The planned measurements of the 
Planck satellite could detect such a value of the tensor contribution. It is interesting to note that a 
quadratic inflaton potential gives a similar relation (r ~ 6.8/ Nq.), although the scenario considered 
there differs from ours in various aspects. The spectral index n s = 1 + 2i]q — 6e Q for the scenario 
considered here is 

n s = 1 - - n 2 (g 4 RM Pl ) 2 . (41) 

We see that the spectrum is red-tilted. For parameters given in (36) we have n s ~ 0.96, which is 
compatible with WMAP data [21]. Combining WMAP and the Lya data [22] gives the restriction 
n s > 0.96. In Table 1 we present the results for several cases satisfying this data. As we see the 
tensor to scalar ratio r is significant while the spectral index practically shows no running. One 
can check that for presented cases 0@ > M P1 . However, since e corresponds to the gauge field A\ 
one can be sure that 5D gauge invariance and locality will guarantee that there is no undesirable 
corrections to the inflaton potential. The non local operators, not respecting the shift symmetry 
e — > e + are suppressed by a factor e~ 2nRMr ' [4], where M5 is the 5D Planck scale. For 
R > -Jt- the suppression factor is e~ 27rRM5 < 10 -13 . Therefore, all kind of non local contributions 
can be safely ignored. 



6 Modulus field driven inflation 

Now we consider the case in which the inflation is only due to modulus field 4>m, assuming that 
0e is settled in its minimum g^R/p® = 1. For simplicity we will consider the norm function 
ktW = (M ) 3 — M°(M 1 ) 2 . Using the constraint Af = k~ 2 , the field 0m is not canonically 
normalized when (0m) 7^ 0. For parameterisation of the very special manifold we introduce a new 
variable t such that 

„ ,n i ,9/1 , ,1 0m 1 sinhat . , k 1 . A . 

M° = k cosh 2/3 at , M = LZ_ = k' 1 — — , with a = - = . 42 

V2ttR cosh 1/3 at ^/2nR M P1 
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Then the kinetic term has the form 

^g(t)(d^) 2 = \{d„F) 2 , with y/0)dt = dF, g(t) = l + itanh 2 at , (43) 

where F is a canonically normalized field playing the role of the modulus inflaton. Using the 
dimensionless variables 

(f) R = R(P M , t P = —t , (44) 

Mpi 

dV_ _1 1 dV d<j) R 

If ~ Wi^d^~dt^ ' 

d 2 V llf d 2 V fd<j> R \\ 8V fd 2 ^ 1 d<p R dg \\ 

+ oT" - 7^— • (45) 



the derivatives can be written as 



dF 2 M 2 x g \d(f) R \dt P J d(p R \ dtp 2g dt P dt P 

Using these relations we can calculate the slow roll parameters e, rj which allows to determine 
numerically the point t p corresponding to the end of inflation. The tp can be determined through 
the number of e-foldings through the relation 

Having determined tp we can calculate the quantities 5T/T, n s and r. The selection of g 4 , R should 
be done in such a way as to have ^ ps 6 ■ 1CT 6 . Numerical study shows that one can have inflation 
both for large and small values of a = ~Kg±RM P i. For a> lwe have 

itg A R(t>M > 1 , t P < 1 . (47) 

This means that the metric A/}j is nearly diagonal and certain approximations can be done. Namely, 
using (47) we obtain for a 3> 1 

&T\ iV Q , 4 (48) 



2 2.16vr 
"* " iVg ' r ^ (ng 4 RM Pl ) 2 N 2 " (49) 

In the limit a C 1, during inflation we have 

ng A R(p M > 1 , t P > 1 , (50) 
and we obtain the following approximate values 

'6T\ No 10 



i 2 6.5tt 

r ~Io3M- (52) 
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Table 2: Spectral properties from modulus inflation with different values of parameters and (^r) Q ~ 
6 x 1CT 6 . 



Nq 


RM Pl 


9a 


n s 


r 


10 3 x^ 


60 


77 


1.3 • 10~ 4 


0.96 


1.4 x 10~ 4 


-1.1 


55 


100 


2.5 • 10" 2 


0.96 


5 x 10- 5 


-0.86 


60 


100 


2.15 • 10- 2 


0.96 


5 x 10" 5 


-0.75 


55 


600 


0.136 


0.96 





-0.54 


60 


600 


0.13 


0.97 





-0.54 


55 


3000 


0.7 


0.96 





-0.64 


60 


3500 


0.7 


0.97 





-0.54 



In (51), (52) we have taken into account that ng^Rcf)]^ ~ 10. The exact numerical results are 
summarized in Table 2. They confirm that the approximations which led to (48), (49), (51) and 
(52) work well. As we see, the spectrum here is also red tilted. However, the tensor to scalar ratio 
r is strongly suppressed. 



7 Discussion 

We presented in the previous sections two different scenarious for inflation in the potential (32) 
plotted in Fig.l. The first case, inflation in the M l = axis, is essentially the gauge inflation model 
of [4] . As we pointed out there, successful inflation in this direction requires a = rrRg^Mpi <C 1 and 
<?4 <C 1 (see Table 1). The scenario we called modulus inflation does not share these constraints. 
In fact it is possible to realize modulus inflation for both small and large a (see Table 2), and since 
(?4 ~ 10 _2 a2 ; this scenario allows for a not too suppressed (4D) gauge coupling and relatively large 
compactification radius. This opens up the possibility to embed the modulus inflation scenario 
in orbifold GUTs. Note also that for a 3> 1 we have 4>q < M Pl and therefore quantum gravity 
corrections should not play a role. 

Concluding, let us remark that within our analysis we have assumed that during inflation the 
size of the extra dimension (R) is fixed. In our treatment R is related to the lowest component (e^) 
of the radion superfield. Its stabilization is needed and may be realized by one of the mechanisms 
which have been widely discussed in the literature [18], [17, 19]. If the extra-dimension is stabilized 
in a way that our inflation scenario is not modified significantly, the above analysis should remain 
valid. However this issue goes beyond the scope of this paper. 
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